Carbon nanotubes are well known for their unique physical properties, which depend on the dimensions of the nanotubes. It is imperative to develop methods for positioning, orienting, and controlling the diameter and length of CNTs before they can be used in a broad range of applications. This review will focus on the synthesis of ordered CNTs. A few promising applications that are expected to impact emerging technologies are also introduced.
Introduction
Carbon nanotubes (CNT) synthesis has evolved from enabling growth into consciously controlling the growth driven by many aspects of basic research and practical applications requirements. Most of the application will require the carbon nanotubes (CNTs) with uniform, well-defined and controllable properties. For example, in electronic and photonic devices, emission displays and data storage would need high density, well-ordered nanotube arrays. [1, 2] As usual, arc-discharge, [3] laser ablation, [4] and chemical vapor deposition [5] have been the three main methods used for carbon nanotubes (CNT) synthesis. The first two employ solid-state carbon as precursors to fabricate CNTs and involve carbon vaporization at high temperatures. Chemical vapor deposition (CVD) utilizes hydrocarbon gases as sources and metal catalyst particles as "seeds" for CNT growth that take place at relatively lower temperatures. While arc-discharge and laser ablation methods produce only tangled CNTs mixed randomly with byproducts, the CVD grows nanotube arrays at controllable locations with desired orientations on catalytic patterned substrate surfaces. So CVD method combined with different strategy to direct the orientation of CNTs has become the most promising way to realize the growth of ordered CNTs with high qualities. At its earlier period, people mainly focused on how to grow high-quality arrays of carbon nanotubes. When synthesis is no longer the key point, structure control at the macroscopic level mainly its orientation, and at the microscopic level, such as length and diameter, took place. However, the precise placement of CNTs, this very specific 1D nanomaterial, as blocks, in the right place with right configuration and with exceedingly high densities, are still a daunting. In this review, we will focus on the several synthesizes of ordered CNTs. main applications of well-ordered CNTs arrays will be also introduced including transistor and photovoltaic, filed emission, biosensing etc. The intrinsic properties of CNTs that being utilized are, for example, their semiconductivity, Electrical and Optic properties etc. [6] 
Preparation methods of CNT arrays
Thermal Evaporation technique, which mostly done by a tube furnace, is the most popular method. This not only due to the low cost of equipment, but also due to the ease of apparatus setup and the freedom of manipulating materials growth. It is used to grow structures, like nanotubes, nanowires, and nanoparticles aided by several different types of chambers and growthenhancing methods. The presence of a catalyst, either predeposited on the substrate or provided in the gas feedstock, activates the chemical reaction between the substrate surface and the gaseous precursor. [7] In order to fabricate well-ordered CNTs arrays, several strategies have been employed, such as assembling CNTs selectively on catalytically patterned substrate, templateassisted growth of CNTs arrays using porous substrate, or post-assembly CNTs from their suspension. [8, 9] But the post-assembly would be caused the destruction of their intrinsic properties due to the harsh treatment of CNTs in . [10, 11] In the following, the other two strategies will be introduced and discussed.
Template-assisted growth of CNTs arrays using porous substrate
Thermal Evaporation technique works with Template assisted synthesis, such as the use of Anodized Aluminum Membrane (AAM), [12] is a promising tool for the controlled growth of CNTs arrays. J. Li, C. Papadopoulous, and J. M. Xu have fabricated large arrays of parallel carbon nanotubes with good periodicity and uniformity by pyrolysis of acetylene on cobalt within a hexagonal close-packed nanochannel alumina (NCA) template. [13] A typical fabrication process flow is shown in Fig. 1 .
The process begins with the anodization of high purity (99.999%) aluminum on a desired substrate. The next step is to electrochemically deposit a small amount of cobalt catalyst into the bottom of the template channels. The CO flow is then replaced by a mixture of acetylene in nitrogen.
In template-assisted method, the growth of CNT arrays is subject to the restrictions of the pore, and can only be in the axial direction of the pore elongation. In this process, due to the restrictive effect of the pore, the curvature become relatively smaller, which indicates that the pores can limit the growth of CNTs, and can make the grew CNTs more straight, leading to less arrays and surface defects. What's more, because of the strong interaction along the axis during the growing process, the length of the array of CNTs is basically the same.
In template-assisted method, the control of the CNTs agglomerate structure is largely transferred to the control of template structure, which means that it is more inclined to process the arrangement of CNTs through beforegrowth method rather than some kind of after-growth ways. The benefits of the transforming are that the control of the intrinsic structure and the control of the orientation of CNTs have been realized respectively, and the physical processes involved in the CNTs arrays growth become clearer. But, due to the presence of the template and the difficult preparation process, the fabrication in project level is still of outmost difficulties.
Subsequently, it was found that the channel limit is not a necessary condition for growing CNTs arrays. The growth of CNTs arrays can still be realized with catalyst deposited on a flat substrate. Precisely controlling the arrangement of catalyst over the substrates is one of the prerequisites and a very key step to realize the growth of CNT arrays on substrates. Traditionally, patterning catalyst is through method such as photolithography and contact printing. Very recently, a few new techniques, from e-beam lithography and focused ion beam lithography to dip-pen nanolithography, etc, have developed. In the following, these various techniques will be introduced with brief illustration of its advantages and disadvantages.
Preparation of nanotube arrays by using precisely controlling the pattern of catalysts methods
Nanolithography is one of the most established techniques for making nanostructured materials and patterns. This technique is based on depositing, etching, or writing on a surface features with dimensions on the order of nanometers. Lithography can be performed using light (optical-or photolithography), electros(e-beam lithography), ions(i-beam lithography), of X-ray(X-ray lithography) depending on the desired minimum feature size of the outputs.
Photolithography methods
Photolithography is the most common and widely used in the applications requiring micron and submicron feature sizes. Nathan R. Franklin et al have ever reported the patterned growth of SWNTs on full 4 inch SiO 2 / Si wafers surface. [14] Wafer-scale catalytic pattern is achieved by lift-off procedure. Generally, a SiO 2 / Si wafer was first coated with 300 nm thick of Poly (methylmethacrylate) (PMMA) by spin-coating technique and then the samples were exposed through a quartz mask under a photolithography system. Developing the exposed regions resulted in large arrays of wells in the PMMA.
Developing the exposed regions resulted in large arrays of wells in the PMMA. Then a suspension of Al 2 O 3 supported Fe/Mo catalyst in methanol was spun onto the wafer at a low speed followed by baking. The wafer was then immersed in dichloromethane to lift off the PMMA. Finally, Catalyst islands with remarkable uniformity over the entire wafer are obtained as clearly showed in Fig. 2 .
The final product is random as illustrated in Fig.  3 . Lacking induction drive may be a possible reason. Through controlling of gas flow or applying an external electric field can improve to a certain extent, but still not enough. At the same time, the density of arrangement of the carbon nanotubes is relatively low.
The crystal surface of the substrate is one of the best methods currently used to induce growth. In 2007 Group of Seong Jun have fabricated dense, perfectly aligned arrays of single-walled carbon nanotubes using two-step process as illustrate in Fig. 4 . [15] Similarly, the fabrication process includes two steps: photo resists graphical and pattern of catalysts arrays by spin-coating or electron beam evaporation. The arrays of individual SWNTs with average diameters of 1 nm, lengths of up to 300 mm, and densities approaching 10 SWNTs um-1 has been realized, in which more than 99.9% of the SWNTs lie along the [2,-1,-1] direction of the quartz, with perfectly linear configurations. But nanotube growth directions are simply horizontal. In addition, group of Duke University have reported another method to grow three-dimensional complex carbon nanotube structures in which was made of vertical nanotube forests and horizontal nanotube arrays on the same single substrate surface and from the same catalyst pattern by an orthogonally directed nanotube growth method using CVD (shown in Fig. 5 ).
In this process, simply by using the photo resist which can associate with the catalyst (such as ferric chloride) (compatibility better, not macro-phase separation), which make the process easy and productive.
Successively, to further increase the density, group of Suck Won Hongused a simple route to effectively improve the density of SWNTs. [17] The approach relies on multiple, separate CVD growth cycles on a single substrate. However, it was difficult to produce highdensity large-scale carbon nanotube networks in control. Group of Yung Joon Jung have provided a new strategy to build high-yield growth of single-walled carbon nanotube architectures forming fully bridged networks between patterned structures by controlling CVD parameters, catalyst deposition, and selecting optimal substrate materials. [18] The schematics for designing and building SWNT networks in this experiment have been shown in Fig. 6 . For Si(100) and SiO 2 /Si (100) were prepared using synchrotron-radiation lithography. Then Fe or Co thin films (5-10 Å thickness) were deposited as catalysts for nanotube growth using a conventional vacuum evaporator. During the catalyst film deposition, substrates were tilted twice about +45° and -45° for case of catalyststo grow the side wall and on the top of patterned structures on the substrate. After the furnace was heated to the deposition temperature of 800-950 C 0 , methane was introduced into the quartz tube as a carbon source. Finally, high-density single-walled carbon nanotubes grow on silicon oxide pillars having a 200 nm diameter, 400 nm height, and 250 nm distance between pillars.
Although photolithography offered an effective way to pattern catalyst, but its disadvantages is also obvious, such as requirement for expensive equipments and complicated processes. More importantly, the wavelength of light used, which determines the smallest feature sizes, make it impossible to reach the super fine sizes of catalyst patterning. A technology that allows for fabrication of much smaller patterning than photolithography is required, such as e-beam lithography and focused ion beam lithography.
E-beam or ion beam lithography methods
By using a focused ion beam machine, Group of H. B. Peng synthesized directing the controlled growth of SWNTs on specific sites using solid catalyst films. [19] Ali Javey and Hongjie Dai have presented a novel method for patterning individual metallic nanoclusters with tunable and monodisperse sizes down to the 2 nm scale into desired arrays, using an electron-beam lithography technique that has a resolution of 20 nm. [20] Furthermore, they demonstrate chemical vapor deposition synthesis of SWNTs from regular arrays of individual 1.5 nm particles, with the majority of the nanoparticles producing a SWNT at well defined locations, which reaches one of the ultimate goals of SWNT synthesis on surfaces. As clearly illustrated in Fig. 7 , arrays of 20-50 nm wells are patterned in 100 nm thick PMMA on Si/ SiO 2 (10 nm) substrates. Thin metal films (0.2-2 nm) are deposited by an electron-beam evaporator at a 5-10°angle with respect to the substrate normal. After lift-off and annealing, one or multiple particles per well are formed depending on the well size. Fig. 7C shows us the AFM image of rows of single and multiple Co particles, which provide arrays of metal nanoparticles with diameter below 10 nm for the growth of arrays of carbon nanotubes as shown.
In short, it is of the use of e-beam or ion beam to draw a pattern nanometer by nanometer and expose a resist layer allows achieving incredibly small sizes (on the order of 20 nm). This technique, though, is much more expensive and time consuming than photolithography, as the e-beam or ion beam exposure is carried out lineby-line or dot-by-dot, unlike the photolithography by which the whole area can be exposed all at once. It takes orders of magnitude longer to complete the patterning with e-beam or ion beam, so it is therefore difficult to use the e-beam or ion beam lithography for large-scale industry application. Despite its low output and expensive costs, these maskless, direct-patterning methods make it possible for depositing catalyst at specific location for array growing, which offers opportunity for the integration of CNT arrays into electronic devices.
Contact printing patterning
Contact printing is similar to the cover seal in daily life. The poly-siloxane film which has a graphical on surface can be prepared in advance as a seal, and then coated with catalyst solution, drying after the formation of catalyst particles in the seal surface membrane. Polysiloxanne soft board can be also first coated with a catalyst, and then sealed in the silicon substrate which has graphics on surface, leading the protruding micro structure attached to the catalyst. In general, contact printing can be used to pattern small molecule, biomolecules and nanomaterials in the micrometer scale over a large surface area. The low cost and easy processing make it wild accepted.
Group of Alan M. Cassellfrom Stanford University have reported their work in 1999, in which they growed single-walled nanotubes parallel to the plane of a silicon substrate directly for the first time. [21] Their growth strategy begins with developing liquid-phase catalyst precursor materials consisting of three general components: inorganic chloride precursors, a removable triblock copolymer serving as the structure-directing agent for the chlorides, and an appropriate alcohol for dissolution of the photo resist patterning and anisotropic etching. The catalyst material is thus transferred to the tower tops and allowed to dry in an oven. The substrate is then heated in air followed by calcinations in air to remove the polymer component. SWNTs are then synthesized on the substrate by chemical vapor deposition.
Research group of Lei Ding [22] from Peking University have reported the direct fabrication and uniform patterning of size-tunable Fe 2 O 3 -xH 2 O nanoparticles on the SiOx/Si surface. Their method needs neither surface treatment of the stamps nor modification of the substrates with SAMs. Moreover, they are able to pattern nanoparticles with diverse sizes at different locations on one small piece of silicon wafer, which is very convenient in the experiment for the determination of optimum conditions for CVD growth of SWCNTs. As illustrated in Fig. 10 , the first step is to "ink" the stamp with the FeCl 3 -6H 2 O ethanol solution using a pipette and dry under atmosphere conditions. Then bring the stamp into conformal contact with the substrate for 5 min, and the formed Fe 2 O 3 -xH 2 O nanoparticles transfer onto the silicon oxide substrate; remove the stamp, and a patterned array of Fe 2 O 3 -xH 2 O nanoparticles then forms on the surface. At last the SiOx/Si wafer is put into a tube reactor and the CVD growth of SWCNTs proceeds.
Although free standing single-walled carbon nanotubes between silicon towers were grown from catalysts prepared by printing with a flat poly (dimethylsiloxane) (PDMS) stamp, carbon nanotubes on flat substrates are more suitable for nanoelectronics. Group of Gang Gu [23] from Max-Planck-Institute have reported on the singlewalled carbon nanotube fabrication on microcontactprinted catalyst patterns that are deposited on electrontransparent, ultrathin silicon nitride membrane substrates. Another innovating work done by group of Weiwei Zhou [24] from University of California, Irvine, in which they used both lithography and Contact Printing method, and successfully obtain patterned, dense, and high-quality SWNT arrays on quartz wafers by CVD of methane.
Although, the cantact printing patterning suffered from its unable to grow CNTs arrays at single-tube level, because the achieved catalyst pattern in mostly in micrometer, this unique method hold its own values, such as low cost, easy access and high output.
Dip-pen nanolithography patterning
In 1999, Piner, R. D. [25] reported the invention of dippen nanolithography, which was a significant departure in strategy for using a scanning probe microscope to pattern surfaces. With DPN, molecules that serve as inks are coated on an AFM tip and transported to the surface by engaging the tip and moving it over the surface. DPN also utilizes the water meniscus that naturally forms at the point-of-contact between tip and surface to help control ink transport. [26] Group of Bing Li [27] from Nanyang Technological University report a straight forward method using DPN to generate patterns of cobalt nanoparticles with feature sizes ranging from micrometers down to sub-70 nm. They demonstrated that the DPN-generated Co NP patterns can be used as catalytic templates for growing SWCNTs through chemical vapor deposition (Fig. 9. A) . After the CVD process, uniform and high-density SWCNTs were grown on the patterned area, as shown in Fig. 9 .
One of the main challenges is the development of DPN pertains to throughput. Efforts to increase the throughput of scanning probe lithographies through the use of "multiple pens" cantilever arrays have been extensive. Group of Khalid Salacity [28] from Northwestern University have described a solution to DPN parallelization through the development, fabrication, and use of a novel 55000-pen two-dimensional array to pattern gold substrates with sub-100-nm resolution over square centimeter areas (Fig. 9 C) . Furthermore, it has been shown that this approach can be scaled to fabricate an array with as many as 1 million pens that occupy -20 cm 2 . Also the work suggests that, in the near future, very large-area nanostructure duplication tools based upon sheets of cantilevers will be possible in the context of DPN.
In 2008, group of Fenway Hue [29] from Northwestern University published their work in science, in which they reported the development of polymer pen lithography, a low-cost, cantilever-free lithographic approach that, thus far, allows a digitized pattern to be printed at spot sizes ranging from 90 nm to hundreds of mm simply by changing the force and time over which the ink is delivered. They have made and demonstrated patterning capabilities with arrays with as many as ~11,000,000 pens. All of the pens are remarkably uniform in size and shape, with an average tip radius of about 70 nm (Fig. 10  C) . The glass support and thin backing layer significantly improve the uniformity of the polymer pen array over large areas, to date up to an entire 3-inch wafer surface (Fig. 10 B) . When the sharp tips of the polymer pens are brought in contact with a substrate, ink is delivered at the points of contact Fig. 10 A.
Integration of individual nanoparticles into desired spatial arrangements over large areas is a prerequisite for exploiting their unique electrical, optical, and chemical properties. However, positioning single sub-10-nm nanoparticles in a specific location individually on a substrate remains challenging. Group of Jinan Chaia [30] from Northwestern University developed a unique approach: termed scanning probe block copolymer lithography, which enables one to control the growth and position of individual nanoparticles in situ. This technique relies on either dip-pen nanolithography or polymer pen lithography to transfer phase-separating block copolymer inks in the form of 100 or more nanometer features on an underlying substrate.
Interestingly, another research using AFM but unlike the above strategy to realize patterned growth of carbon nanotubes was carried out by group of Chien-Chao Chiufrom Nano High-Tech Research Center, Toyota Technological Institute. [31] They provided a novel process to grow CNT selectively on thin Si oxide pattern using AFM nano-oxidation. Selective growth of CNTs was carried out by AFM lithography technique and CVD method, and the procedure is shown in Fig. 11 .
In general, DPN is a unique scanning probe-based lithographic tool for generating high-resolution patterns of chemical functionality on a range of surfaces. An attractive feature of DPN is that it is both a tool for scientific discovery as well as an engineering advance that allows useful multi-component nanostructures to be printed at a resolution that is superior to any conventional lithographic tool. In an age of nanotechnology, where being able to fabricate nanostructures of a certain composition, size, and shape is essential, DPN in its current state of development is already a tool that will allow for rapid advances in the science and technology of highly miniaturized structures.
Other types of catalyst patterning method
There are some other patterning method developed very recently worth introducing as compensation to the techniques mentioned above ''Needle-Scratching'' method, a very simple, fast, machine-controlled, environmentally friendly, and nearly no-cost approach, described by the group of Bing Li from Nanyang Technological University, for generating large-area catalyst patterns on Si/SiOx and single-crystal quartz substrates for the growth of densely aligned SWCNT arrays. [32] They show that a high density of wellaligned (up to 10 tubes mm -1 ) and ultra long SWCNTs (up to 0.5 mm) could be obtained on quartz. Another similar work by group of Bilu Liu [33] from Shenyang National Laboratory for Materials Science suggested that the "scratching" between two Si/SiO 2 wafers will make the thermally grown SiO 2 layer crack and consequently generate some active sites, which have some similarities to the SiO 2 film by sputtering deposition, thus facilitating the growth of SWNTs. This "scratching growth" approach is quite simple without using any complex patterning over the single-walled CNTs arrays [47] . By modulating the size of catalyst particles, Chakrabarti and his group realize the selective growth of single/dual/muli-wall CNT arrays [48] .
For CNTs, especially single-welled CNTs, the electrical properties is deeply affected by its intrinsic structures. Therefore the precise control of CNTs felicity through catalyst design and process analysis is very much expected and preferred.
Length and diameter control of CNTs
For quite a long time, the maximum length of carbon annotates was around several millimeters, until the synthesis of 4-cm-long individual single-walled carbon annotates at a high growth rate [49] . After that, the record was frequently increased from 10 cm [50] to 20 cm [51] . Now, the world record is as long as 40 cm [52] . But, in the case of arrays, for the great complexity, it is still within the micron level. Generally, it is by optimizing the growth conditions and long reaction time to realize the long CNT array growth.
As in the case of diameter control, many parameters had been taken into consideration. It has been reported that discrete catalytic nanoparticles with different diameters were obtained by placing controllable numbers of metal atoms into the core of apoferritin, and used for the growth of single-welled carbon nanotubes. It was suggested that the diameters of the nanotubes are determined by the diameters of the catalytical nanoparticles [53] . Temperature is another crucial parameter to control carbon nanotubes diameter. A higher temperature will lead to a larger carbon nanotubes diameter [54] . The gas pressure was also very important in determining the diameter [55] .
Applications
Interest in the detection of DNA has grown rapidly because of its importance in diagnose and treatment of genetic disease, drug discovery, and anti-bioterrorism efforts. [56] The combination of the unique properties of CNT arrays with DNA hybridization offers the possibility of constructing DNA biosensors with simplicity, high sensitivity and multiplexing. These arrayed carbon annotates can be discretely control the region and density. Additionally, these CNTs structures exhibit high electrical conductivity and quick electronic transfer speed [57] [58] , and every individual nanotube can act as a minisize nanostructured electrode with a maximized accessibility for analytes during electrochemical detection. Therefore, using arrayed carbon nanotubes as a novel electrode offers promising prospect for fabricating a sensitive and selective nanoscale DNA analysis system. Several research groups have already begun their attractive research works of fabricating CNTs array-based DNA biosensors. [59] [60] [61] [62] [63] [64] Dai et al. employed acetic acid-plasma method to graft active carboxyl groups onto gold-supported aligned carbon nanotubes from tips to sidewalls. Probe process and could be used for the growth of SWNTs at a precisely predefined position for device fabrication. Group of Hua Zhang has fabricated "all-carbon" electric devices [34] or "all reduced graphene oxide" thin film transistors. [35] Ink-jet printing is familiar as a method of printing text and images onto porous surfaces. Ink-jet printers are also being used to produce arrays of proteins and nucleic acids. [36] Recently, an ink-jet printing technique has attracted interest because of these three advantages: 1) It is possible to fix the position; 2) It can be applied to any substrates, including a flexible one; 3) A minimum amount of ink is consumed, and the pattern is controllable by simply changing the sequence of the nozzle movement. Group of Hiroki Ago have studied the site-selective growth of carbon nanotubes based on ink-jet printing technique through using the Co nanoparticle as ''catalyst ink''. [37] 
Modulation of CNT array structure
Single CNT structure can be divided into singlewalled, double-walled and multi-walled tubes. Currently, the three CNT arrays could be synthesized by modulating the structure and changing the kind and arrangement of catalyst. For the modulation of CNT arrays, different strategies have applied in various methods, but there are a lot of common problems such as controlling the size of the nucleation of catalyst on substrate, composition and process conditions. In the following, modulation of CNT arrays will be discussed in detail.
Geometry control of CNTS
Briefly, two main mechanisms have been proposed, the first one was called the gas-directed mode [38] while the other was named the surface directed mode [39] . Some other ways were also applied to control the orientation of carbon nanotubes, such as electrical filed orientation. [40] Generally, gas-flow directed mode was used to fabrication of long and aligned carbon nanotubes [38] . It has been observed that a change in heating speed can alter the growth of carbon nanotubes. The growth was further improved in an ultraslow gas flow [41] . The surface directed mode is more complicated, it was found that carbon nanotubes grown on Si (1 0 0 )-based surface were aligned in two specific directions, while those grown on Si (1 1 1 )-based surface were in three preferred directions. [42] Although the mechanism was quite unclear, a combination of the two modes has been used to achieve special structures. One special complex and coherent geometries of carbon nanotubes, has been made through the combination under a controlled manner. [43] 
The wall number control of CNTs
The controlling of the size of catalyst particles is the key to affect the wall number [44] . However, due to the small diameter of single-walled CNT, the catalyst particles are generally less than a few nanometers [45, 46] , so it is necessary to strictly control the catalysts and nuclear size. It was until 2004, there had been reports oligonucleotide was subsequently covalently attached onto these arrayed nanotubes, and after the hybridization of probe with its FCA (ferrocenecarboxaldehyde) labeled complementary sequence, the authors detected the amperiometeric response of FCA as hybridization signal [61] . This presented DNA biosensor protocol has powerful regeneration ability and high amperiometeric response with 20 times higher than using conventional flat electrode.Wang's work shows that the higher efficiency of DNA hybridization on CNTs array is mainly resulted from the special structure of self-assembled MWNTs, which offers enough space for target DNA molecules accessing the immobilized DNA probe [62] . Kelley et al. employed two immobilization strategies to selectively immobilize DNA sequences at different sites of MWNTs-COOH. [63] All these CNTs array-based works indicate that arrayed carbon nanotubes electrodes with ordered structure represent a promising new generation electrodes for sensitive sequence-specific DNA diagnoses, and the fabrication of highly automated DNA chips with multiplex nanoelectrode arrays for quick DNA analysis is becoming possible by applying optimized CNTs arrays. Beside the carbon nanotube array-based biosensor, the arrayed CNTs has find its applications in various fields, such as photovoltaic, field emission IR detection, transistors and other classes of electronic devices etc [64] [65] [66] [67] .
Conclusion
Research and development of CNT arrays provides a new structure for nanomaterials, which has greatly enriched the types and applications of carbon materials. The various applications have been the main driving force in promoting CNT array study. With all those insightful findings mentioned above, it is reasonable to see the electronic devices with desirable structure and properties realized using CNT arrays. Still, further research and development both theoretically and experimentally on precisely controlling of growth and modulating of CNT arrays are very much needed.
